Purpose: We examined quitting behaviors among a cohort of dual users (cigarettes and electronic cigarettes [e-cigarettes]) and exclusive cigarette smokers for: (1) cigarette smoking reduction, (2) quit attempts, (3) abstinence from cigarettes, and (4) abstinence from all tobacco products. Methods: Participants enrolled in the Tobacco User Adult Cohort and categorized as "daily" user of cigarettes and "daily" or "some days per week" use of e-cigarettes (ie, dual users; n = 88) or "daily" user of cigarettes only (ie, cigarette smokers; n = 617) served as the analytic sample. Participants were interviewed face to face every 6 months, through 18 months. Data on self-reported current product(s) used, cessation interest, quit attempts and abstinence from cigarettes, and all tobacco products were collected. Results: No difference in reduction of cigarette consumption over time was noted between groups. Rates of reporting an attempt to quit all tobacco products (≥ 24 hours of not using any tobacco in an attempt to quit) also did not differ by group. Compared to cigarette smokers, dual users were more likely to report abstinence from cigarettes at 6 months (OR = 2.54, p = .045) but not at 12 or 18 months. There was no significant difference in abstinence from all tobacco products by group at 6, 12, or 18 months. Conclusions: Although dual use of e-cigarettes has been cited as a potential cessation tool for cigarette smokers, our findings indicated that this association was only observed in the short term. We also found no evidence of any association between dual use and eventual abstinence from all tobacco products. Implications: Our study observed that, in the natural environment, dual users of cigarettes and e-cigarettes were more likely than cigarette smokers to quit cigarettes in the short term but no more likely to quit using cigarettes and all tobacco products over time.
Introduction
The use of electronic cigarettes (e-cigarettes) has increased dramatically since their introduction in the US market a decade ago 1,2 and the implications of this trend for public health remains a source of controversy. E-cigarettes have lower levels of tobacco-derived components known to be harmful to health compared to combustible cigarettes, [3] [4] [5] which has led some public health policy makers, most notably in the United Kingdom, to advocate for their use as a harm reduction strategy. [6] [7] [8] Conversely, many view e-cigarettes as a threat to public health due to their adverse health effects, 9 and potential contribution to nicotine addiction among youth. 5, 9, 10 Dual use of e-cigarettes and combustible cigarettes is common; 37.8% of all smokers in the United States use more than one tobacco product, with e-cigarettes and cigarettes the most common combination of products used together.
11 E-cigarettes may help smokers reduce their use of combustible cigarettes or facilitate achieving abstinence from tobacco products. Alternatively, they might actually inhibit smokers from quitting altogether by providing a more socially acceptable alternative to maintaining their nicotine addiction in selected settings, as well as a means to circumvent smoke-free or tobacco-free regulations.
Several studies have evaluated the role of e-cigarettes in smoking cessation with varying conclusions. A recent meta-analysis of cohort, cross-sectional, and randomized controlled trial data found that dual users of cigarettes and e-cigarettes were 28% less likely to quit smoking cigarettes compared to smokers who did not also use e-cigarettes. 12 However, another large systematic review independently reached a different conclusion, finding "low-grade" evidence, primarily from randomized controlled trials, that e-cigarettes may help with smoking cessation. 13 A prospective examination of population-level data from the Current Population Survey-Tobacco Use Supplement also found an association between e-cigarette use and increased rates of quitting. 14 This analysis concluded that dual users were more likely to achieve smoking cessation compared to exclusive cigarette smokers and suggested the increase in the rate of smoking cessation among US smokers between 2010 and 2015 (4.5%-5.6%) was due to the increasing use of e-cigarettes in the population. 14 In this article, we extend this research and report findings that compared dual users of cigarettes and e-cigarettes with cigarette smokers in the natural environment and that were enrolled in a longitudinal cohort study of urban and rural tobacco users. Using data collected at baseline, 6, 12, and 18 months, we assessed cigarette reduction, quit attempts, and abstinence rates over time. We examined four related research questions: (1) Are dual users more likely than cigarette smokers to reduce their consumption of combustible cigarettes over time? (2) Do dual users make more tobacco product(s) quit attempts compared to cigarette smokers over time? (3) Are dual users more likely to achieve complete abstinence from cigarettes compared to cigarette smokers over time? (4) Are dual users more likely to achieve complete abstinence from all tobacco products (including e-cigarettes) compared to cigarette smokers over time?
Methods

Design
The Tobacco User Adult Cohort (TUAC), initiated in 2014, is an observational, longitudinal study of a prospective cohort of Ohio rural and urban adults (≥18 years) who reported tobacco use at enrollment and has been described elsewhere. 15 For this analysis, we included those who reported, at baseline (1) daily exclusive cigarette smoking (hereafter referred to as cigarette smokers), or (2) dual use of daily cigarettes and every day or some days per week use of e-cigarettes (hereafter referred to as dual users). This analytic sample consisted of 617 cigarette smokers and 88 dual users. Urban participants were from Franklin County, Ohio, a large metropolitan county (population 1 836 500) 16 that includes Columbus, Ohio. Smoking prevalence in Franklin County was estimated to be 19.8% in 2015. 17 Rural participants were from six counties in Appalachian Ohio (Brown, Guernsey, Lawrence, Muskingum, Scioto, and Washington). These counties were chosen because of their high prevalence of smoking (27%-35%), largely rural population (42%-79%), and preexisting research infrastructure. The Appalachian region of Ohio includes 2 million residents (17.6% of the state population) and is characterized by higher rates of poverty and unemployment compared to the state as a whole. 18 Approximately 92% of residents in Appalachian Ohio are white. 18 Prevalence of smoking in this region is higher than that in non-Appalachian counties (27.4%, compared to 21.6% in non-Appalachian counties). 17 All cohort participants were identified using an address-based sampling method. 19 A total of 180 075 home addresses (90 312 households in Appalachian counties and 89 763 households in Franklin County) were mailed an introductory packet that explained the study as a university-sponsored health project. The packet included a brief screening questionnaire that asked households to enumerate those living at the address and respond to questions about behaviors including diet, exercise, and tobacco use. Intentionally, the packet did not disclose that tobacco use behaviors were the focus of the study. Households were instructed to complete the questionnaire and return in a preaddressed stamped envelope. A $2 bill was included in the packet. Households that did not respond to the initial mailing after 3 weeks were mailed a second packet, without the $2 incentive. The overall response rate to the mailed screening questionnaire was 21.6% (urban = 20.8%, rural = 22.4%). 15 Fifty-seven percent of households contacted to participate in the study were reached (urban = 65%, rural = 51%). 15 Among those eligible participants contacted and invited to enroll in the cohort, the cooperation (ie, enrollment) rate was 95% for urban and 89% for rural participants. 15 
Procedure for Data Collection
Cohort enrollment occurred between October 2014 and December 2015, with all participants completing 18-month data collection by June 2017. In-person interviews were conducted by a trained field interviewer either in the participant's home or in a public setting such as a restaurant or library, according to participant preference. The baseline interview lasted about 60-90 minutes, with follow-up interviews taking approximately 30-45 minutes. Ninety-three percent of participants who were interviewed at baseline completed all four interviews, with no difference in retention by urban or rural region. After each interview, participants received a $50 gift card. Participant survey responses were recorded electronically in the field using an encrypted laptop and synchronized to a centralized database that was accessible to investigators for analysis. This study was approved by the Ohio State University Institutional Review Board.
Eligibility Criteria
Respondents were eligible to participate in the parent TUAC study if they met the following criteria: (1) age at least 18 years; (2) resident of one of the six participating rural counties or Franklin County; (3) responded as "daily" or "some days/week" use of combustible tobacco, smokeless tobacco, e-cigarettes, or dual use of two or more products; and (4) consented to participate in the research study. Only one adult per household was included in the study. If a household had more than one eligible adult, one participant was randomly selected. In this article, we analyzed the subset of the parent cohort who responded as (1) daily cigarette smoking (cigarette smokers), or (2) daily cigarette smoking and either daily or some days per week use of e-cigarettes (dual users) at the time of their baseline interview.
Measures
Demographic data collected included age, gender, race, household income, employment status, marital status, and highest level of education. Data collected on smoking behavior for current cigarette smokers included frequency of use (average number of cigarettes smoked per day). Data collected on e-cigarette use behavior for current e-cigarette users included nicotine concentration, brand and flavor of e-liquid used, and device type (disposable, cartridge, tank, multiple). All participants were asked about previous tobacco use quit attempts; at baseline this was assessed over the past year; at each follow-up, participants were asked to report whether they had made one or more attempts to quit tobacco (yes/no) since the last interview (ie, past 6 months).
Current cigarette use was defined as lifetime use of at least 100 cigarettes and currently smoking daily at baseline. Current e-cigarette use was defined as currently using e-cigarettes daily or some days per week at baseline. A quit attempt was defined as 24 or more hours of not using any tobacco in an attempt to quit all tobacco products. 20 Abstinence from cigarettes was defined either as (1) selfreported not smoking cigarettes since last interview or (2) if smoked since last interview, the response of "not at all" to the question "do you now smoke cigarettes every day, some days/week, occasionally, rarely or not at all?" 21 Point prevalence abstinence from all tobacco products was defined as no use of any tobacco products, including e-cigarettes, in the past 7 days. 21 Nicotine dependence was assessed using the Fagerström Test of Nicotine Dependence 22 and the Heaviness of Smoking Index. 22 Readiness to quit smoking was evaluated using the stages of change construct from the transtheoretical model. 23 We also assessed cessation interest, characterized on a scale from 1 to 10 (1 = low). 24 Finally, we evaluated perceptions about the health risks associated with smoking by measuring absolute risk perception (ie, belief about the risk of smoking), comparative risk perception (ie, belief about one's own risk of smoking compared to a nonsmoker), and feeling at risk (ie, subjective perception of dying early from smoking). 25, 26 
Data Analysis
Differences between cigarette smokers and dual users were evaluated with chi-square tests, t tests, or Wilcoxon rank sum tests, as appropriate. Linear and logistic regression models were fit for the change in number of cigarettes smoked per day from baseline (Δ = number of cigarettes smoked at follow-up − the number of cigarettes smoked at baseline) and abstinence from cigarettes and abstinence from all tobacco. These models were fit at each follow-up time point (6, 12 , and 18 months). Baseline tobacco user group and cessation interest were included as covariates in all models in addition to significant sociodemographic characteristics. All analyses were conducted with SAS 9.4 (SAS Institute Inc, Cary, NC).
Results
Sample Characteristics
Participants' baseline characteristics, stratified on their tobacco user group (ie, cigarette smoker or dual user), are given in Table 1 . There were few differences in demographic characteristics between the groups, with the exception of self-reported race, where a greater proportion of dual users were white. There were no significant differences in the relative proportions of dual users and cigarette smokers across the three stages of change. Conversely, dual users reported significantly higher cessation interest compared to cigarette smokers. Dual users did not differ from cigarette smokers with regard to their level of nicotine dependence. There were no group differences in perceptions about the risks of smoking cigarettes (data not shown).
Among dual users reporting a regular brand of e-cigarettes, the majority (59%) reported that they used flavored e-cigarettes as opposed to an unflavored or tobacco-flavored product and most used either cartridge (42%) or tank (41%) devices. Approximately 25% of dual users reported that they did not know if their e-cigarettes contained nicotine. For those who knew the nicotine content (n = 64), 95% reported their e-liquid contained nicotine.
Smoking Reduction
Regression models for the change in number of cigarettes smoked per day were fit from data collected at each follow-up interview. Approximately 6% of the sample reported nondaily smoking at each follow-up; as cigarettes smoked per day could not be calculated, these participants were coded as zero cigarettes smoked per day. The percentage of nondaily smokers did not differ between cigarette smokers and dual users. Gender was significant in the models predicting change from baseline at 12 and 18 months. At 12 months, men reduced their cigarette consumption from baseline by an average of 4 cigarettes/day whereas women reduced their cigarette consumption by an average of 3 cigarettes/day. Similarly at 18 months, men reduced by 5 cigarettes/day whereas women reduced by 3 cigarettes/day. Age and education were significant in the model for change at 18 months whereas region, race, income, marital status, employment status, and type of e-cigarette device were not significant in any of the models. Participants who received a General Education Development (GED) or high school education reduced their cigarette consumption by an average 5 cigarettes/day from baseline whereas participants who had less than a high school education or at least some college reduced by an average of 3 cigarettes/ day. Further, older participants were more likely to decrease their cigarette consumption; for each year increase in age, the number of cigarettes smoked per day decreased by 0.06. No statistically significant differences in change in number of cigarettes smoked at any of the three time points were noted, implying that dual users and cigarette smokers did not reduce their cigarette consumption at different rates (Table 2) .
Quit Attempts
To compare quit attempts among dual users and cigarette smokers over time, logistic regression models were fit including tobacco user group at baseline and cessation interest. Race was significant in all models whereas age, household income, and region were only significant in the model for quit attempts at 18 months. Gender, education, marital status, employment status, and type of e-cigarette device were not significant in any of the models. In these models, dual users were no more likely than cigarette smokers to make one or more attempt to quit using all tobacco products at any time interval (data not shown).
Abstinence From Cigarettes and All Tobacco Products
Logistic regression models assessed how dual users' odds of quitting cigarettes and achieving abstinence from all tobacco products (including e-cigarettes) compared to cigarette smokers after adjustment for cessation interest (Table 3) . Age, gender, race, education, household income, marital status, employment status, region, and type of e-cigarette device were not significant in the models. In the models assessing the odds of quitting cigarettes, dual users had greater odds of quitting cigarettes compared to cigarette smokers after 6 months (OR = 2.54, 95% CI = 1.02% to 6.31%); dual users did not have greater odds of quitting cigarettes at 12 or 18 months. In models assessing the odds of abstaining from all tobacco products, dual users did not have greater odds of achieving abstinence from all tobacco products compared to cigarette smokers at any time point.
For baseline dual users who continued to use tobacco products every day or some days per week at follow-up interviews, the majority (57%-66%) transitioned to exclusive cigarette product use. Fewer remained dual users (21%-36%) and 6%-10% were categorized as exclusive e-cigarette users (see Figure 1) .
Discussion
This study tracks a cohort of adult tobacco users longitudinally, providing valuable insight into how individuals change their tobacco use behavior over time in the natural environment. Gaining a better understanding of factors that may facilitate or inhibit quitting cigarettes is of vital importance to public health. The Centers for Disease Control and Prevention estimate that one in five deaths in the United States are caused by smoking and the life expectancy of smokers is as least 10 years shorter than that of nonsmokers. 27 Consequently, even small increases in smoking cessation rates across the population would result in significant reductions in mortality from tobaccorelated illness. This 2014-2017 study provided an opportunity to examine dual users of e-cigarettes and cigarettes and evaluate how dual use is associated with cessation. Our analysis suggests that dual users, compared to cigarette smokers, were more likely to quit using cigarettes in the short term but were no different from cigarette smokers at 12 or 18 months. In addition, dual users were no more likely than cigarette smokers to quit using tobacco products altogether at any of the follow-up time points. Although dual users reported a significantly higher interest in cessation at baseline and had greater odds of quitting at 6 months, long-term abstinence resembled exclusive cigarette smokers over time. Our cigarette cessation rate among dual users was roughly similar to rates of quitting smoking documented in randomized controlled trials. We observed an unadjusted cessation rate of 8.1% among dual users over 6 months, whereas a randomized controlled trial of smokers using an e-cigarette for cessation reported a cessation rate of 7.3% over 6 months. 28 Similarly, our unadjusted quit rate among dual users after 12 months (10.1%) was roughly comparable to the 12-month cessation rate observed in a second randomized controlled trial of smokers not interested in quitting who were given e-cigarettes (8.7%). 29 There are several possible hypotheses that may explain the observed association between e-cigarette use and combustible cigarette cessation at 6 months. First, it is possible that e-cigarettes directly facilitate cigarette cessation in the short term. Nicotine delivery via an e-cigarette may moderate symptoms of nicotine withdrawal (eg, craving) making it easier for smokers to avoid relapse. Several smoking cessation modalities that have been shown to be effective, including the nicotine replacement patch, inhaler, gum, and lozenges, involve the replacement of nicotine and work in this manner. 30 Second, e-cigarettes may have an additional advantage as they mimic smoking behavior. Studies demonstrate that psychological factors are important components of tobacco use dependency. 31, 32 Smokers become conditioned to using cigarettes at certain times and in response to various social and emotional triggers.
32 E-cigarettes may offer an effective alternative to cigarette smoking when an event triggers an urge to smoke. However, the use of an e-cigarette may only influence cigarette abstinence in the short term. Over time, the typical phenomenon of short-term abstinence followed by relapse to cigarette smoking may occur. 33 Importantly, therapeutic cessation aids have been shown to help smokers transition to complete abstinence. 33 In our analysis, e-cigarettes were not associated with total abstinence from tobacco products over time. E-cigarettes may carry more addictive potential than therapeutic nicotine replacement aids. This could explain why many dual users in our study continued to use tobacco products even after they had quit cigarettes in the short term. Alternatively, over time dual users may become accustomed to using e-cigarettes in selected settings where social norms influence product preferences. Future research that examines motivations for continued use of e-cigarettes will be required to better understand dual use behaviors.
Dual users did not reduce the number of cigarettes smoked over the course of the study. This finding is consistent with a randomized controlled trial in which the initiation of an e-cigarette lead to an initial decline in combustible cigarette consumption, but combustible cigarette use remained relatively constant or gradually increased after that. 29 Because the dual users in our cohort were already using e-cigarettes at the beginning of the study, we cannot say definitively whether they reduced their use of combustible cigarettes after e-cigarette initiation or if this group smoked fewer cigarettes in general.
This study did not evaluate short-or long-term health outcomes and any conclusions regarding the net effect of e-cigarettes on health are only speculative. Serious concerns have been raised about the potential long-term health outcomes of e-cigarette use, with some studies indicating harms of certain e-liquid components and flavorings 34, 35 and health risks associated with exposure to ultrafine particles in e-liquid vapor. 9 Nevertheless, most available evidence suggests that smoking cigarettes is more harmful to health than using e-cigarettes. 5, 36 However, there is no available evidence whether or not long-term e-cigarette use among dual users influences morbidity and mortality compared to those who exclusively smoke cigarettes. 5 Whether or not e-cigarettes have a net positive impact on health for smokers may depend on the reason for using e-cigarettes. If smokers are using e-cigarettes as an alternative to empirically validated cessation modalities in an effort to achieve total cessation, e-cigarettes could have a net negative impact on health by causing the user to maintain their nicotine addiction rather than quitting completely. Conversely, for smokers not interested in quitting tobacco altogether, completely switching to an e-cigarette could have the potential to reduce short-term adverse health outcomes in several organ systems. 5 Unfortunately, in our cohort, this transition to exclusive e-cigarette use only occurred for about 6%-10% of dual users whereas the majority transitioned back to exclusive cigarette smoking.
This study highlights the need for more research on the use of e-cigarettes as a smoking cessation aid and tool for harm reduction. Having a better understanding of the modalities that help smokers quit is a matter of urgent public health concern. There is a need for additional large, population-based cohort studies, such as the ongoing Population and Assessment of Tobacco and Health study (PATH), 11 examining the relationship between e-cigarettes and smoking behavior as well as randomized controlled trials evaluating the efficacy of e-cigarettes as a cessation aid and directly comparing e-cigarettes to approved cessation treatments. Such research would be of great value to smokers who want to quit and health care professionals who advise smoking patients about the risks and potential benefits of e-cigarette use. Should e-cigarettes demonstrate cessation efficacy, the option of using an e-cigarette could be acceptable to some smokers who are not interested in other methods of cessation, and could be useful as an alternative for smokers who have attempted to quit using other methods and have not been successful.
Unlike studies that have used convenience samples, a strength of this study is its randomly selected sample more likely to be representative of the population of tobacco users in Ohio. Although low-income, unemployed, and women were overrepresented, cohort members resembled tobacco users' income and employment status throughout these Ohio regions. 17, 18 As such, the generalizability of this study may be restricted to this region of the United States. It should also be noted that the initial overall response rate to the household screening questionnaire did not differ by region. However, urban residents were more likely to be reached with an invitation to participate, and subsequently enrolled in the cohort. Study participants were followed over an 18 month time period. Few other studies of e-cigarette use have followed research participants in the natural environment for this length of time. Furthermore, the study had a high rate of retention, with 93% of participants completing all four interviews. Retention rates were similar by region. This study is limited by its reliance on self-reported data, a short point prevalence estimate of abstinence (ie, 7 days), and lack of biochemical measures to validate tobacco use status. It is likely that the self-reported cessation rates overestimate the true rates of cessation. However, because the study was observing smoking behavior over time and not evaluating e-cigarettes as a cessation aid, reporting bias is likely to have been nondifferential. Finally, because we did not observe smokers from the time of initiation of e-cigarettes, we cannot draw definitive conclusions about the relationship between e-cigarettes and cigarette consumption or report the amount of time from e-cigarette initiation to cessation.
In conclusion, our study suggests that dual users of cigarettes and e-cigarettes are more likely than cigarette smokers to quit cigarettes in the short term but no more likely to quit using cigarettes and all tobacco products over time. More research is needed to better understand the safety and efficacy of e-cigarettes as a cessation aid and possible harm reduction tool and to compare e-cigarette use with empirically validated cessation modalities.
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